Practice patterns vary widely among centers with regard to the treatment of unruptured aneurysms. The purpose of the current study was to correlate outcome data with practice patterns, specifically the proportion of unruptured aneurysms treated with neurosurgical clipping versus endovascular coiling.
S
tudies of outcomes for unruptured aneurysms treated in the United States between 1996 and 2000 demonstrated that patients treated by high-volume hospitals and physicians had significantly lower morbidity and modestly lower mortality than those treated by low-volume hospitals and physicians. 1, 2 During the time studied by these previous publications, coiling was not as widely used as it is today. It is, therefore, important to reassess the relative risks of coiling and surgery at high-and low-volume centers with the latest data available to understand recent trends. It would also be important to know if centers that have avidly adopted endovascular coiling have different outcomes from those that have not. The purpose of the current study was to correlate outcomes data available from the NIS data base (2001) (2002) (2003) (2004) (2005) (2006) (2007) with practice patterns, specifically the proportion of unruptured aneurysms treated with open clipping versus endovascular coiling.
Materials and Methods

Patients
We purchased the NIS hospital discharge data base for [2001] [2002] [2003] [2004] [2005] [2006] [2007] from the HCUP of the Agency for Healthcare Research and Quality, Rockville, Maryland. The NIS is a hospital discharge data base that represents 20% of all inpatient admissions to nonfederal hospitals in the United States.
Stratification of Hospital Volume
Hospital codes for each patient were available, so we were able to determine the number of unruptured aneurysms treated at each institution in a given year. We stratified hospital volume on the basis of the number of unruptured aneurysms clipped and the number of unruptured aneurysms coiled per year. For each year between 2001 and 2007, we stratified the hospitals included in the NIS data base into 4 groups based on annual volume: 1) hospitals treating Յ5 unruptured aneurysms, 2) hospitals treating 6 -20 unruptured aneurysms, 3) hospitals treating 21-44 unruptured aneurysms, and 4) hospitals treating Ͼ44 unruptured aneurysms. Hospitals were assigned a separate stratification for the number of aneurysms clipped and the number of aneurysms coiled.
Stratification of Physician Volume
Physician identifiers for each patient were available, thus allowing us to determine the number of unruptured aneurysms treated by each interventionalist or neurosurgeon at each institution in a given year. For each year between 2001 and 2007, we stratified the physicians included in the NIS data base into 4 groups based on annual volume: 1) physicians treating Յ5 unruptured aneurysms, 2) physicians treating 6 -10 unruptured aneurysms, 3) physicians treating 11-20 unruptured aneurysms, and 4) physicians treating Ͼ20 unruptured aneurysms. Physicians were assigned a separate stratification for the number of aneurysms clipped and the number of aneurysms coiled.
Data Collection
The major demographic factors we collected were age, race, and sex. The 2 major end points examined in this study were 1) discharge to long-term facility, which we use to define "morbidity" in the context of the current study; and 2) in-hospital mortality. Discharge to longterm facility was studied by using the HCUP variable name "DIS-PUNIFORM." In-hospital mortality was studied by using the binary HCUP variable name "DIED" and calculating the number of patients who had died during their hospital stay. 
Statistical Analysis
Results
Patients
Between 2001 and 2007, a total of 10,644 patients in the NIS data base underwent treatment for unruptured aneurysms. Of these patients, hospital volume data was available for 10,624 with 5219 (49%) patients undergoing surgical clipping and 5405 patients undergoing endovascular coiling. The average age of the patients was 54.7 Ϯ 12.6 years; 7942/ 10,580 (75%) of the patients were women. Race information was available for 7168 patients: 5535 were white. Patients undergoing coiling were significantly older than those undergoing clipping (56.1 Ϯ 13.2 and 53.5 Ϯ 11.6 years, respectively, P Ͻ .0001). There was no significant difference in the race and sex distributions between the 2 groups. Data on demographics and the number of patients treated for given hospital and physician volumes are provided in Table 1 .
Relative Coiling Volume and Outcomes
A strong relationship existed between the proportion of aneurysms coiled at an institution and both morbidity and mortality. As the proportion of aneurysms coiled increased, the rate of discharge to long-term facilities decreased significantly (r ϭ 0.14, P Ͻ .0001). At centers that coiled Ͼ75%-99% of unruptured aneurysms, the rate of discharge to long-term facility was 5.9% (128/2158), compared with 16.8% (303/1195) at centers that coiled 0% of aneurysms. Patient mortality also decreased as the proportion of aneurysms coiled at an institution increased (r ϭ 0.11, P ϭ Ͻ.0001). Centers that coiled 0% of aneurysms had a mortality rate of 2.0% (21/1195), while centers that coiled 75%-99% of aneurysms had a mortality rate of only 0.5% (11/2158) (P ϭ .0015). Centers that coiled 100% of unruptured aneurysms had the best outcomes with only 4.3% (27/627) of patients discharged to long-term facilities, and a mortality rate of 0.5% (2/627). These trends are demonstrated in Fig 1 .
Hospital Volume and Distribution of Procedures
A majority of patients (3233/5219, 62%) who underwent clipping of their unruptured aneurysms did so at centers treating Յ20 cases/year, whereas only 39% (2131/5405) of patients who underwent coiling did so at centers treating Յ20 cases/year. Overall, patients who were coiled tended to be treated at higher volume coiling centers, whereas patients who were clipped tended to be treated at lower volume clipping centers (P Ͻ .0001). These data are summarized in Table 1 . Between 2001 and 2007, there was a large decline in the proportion of patients being coiled at low-volume centers (cases per year, Յ20) compared with the proportion treated at high-volume centers (Fig 2) . In 2001, 53% of coiled patients were treated at low-volume centers (cases per year, Յ20), whereas in 2007, 6.0% were coiled at low-volume centers. In 2001, 29% of clipped patients were being clipped at low-volume centers, whereas in 2007, only 18% were being clipped at low-volume centers.
When assessing the distribution of clipping and coiling in relation to center volume, we found that for centers that practice both clipping and coiling, there was no significant difference in the distribution of clipping and coiling volumes (P ϭ .08). These data are summarized in Fig 3. 
Annual Number of Unruptured Aneurysms Treated versus Death Rate and Discharge Status of Hospitals
For patients being clipped, a total of 63/5202 (1.2%) patients died during their hospitalization. There was no significant association between the number of patients who died and the hospital clipping volume (P ϭ .14). For patients being coiled, a total of 43/5417 (0.8%) patients died during their hospitalization. No significant association was found between the number of patients who died and hospital coiling volume. Patients who were clipped were significantly more likely to die during their hospitalization than patients who were coiled (P ϭ .03).
For patients being clipped, a total of 14.1% (735/5202) of patients were discharged to long-term facilities. There was a significant association between hospital clipping volume and discharge to long-term facilities (P Ͻ .0001) because larger volume centers had a lower proportion of patients discharged to long-term facilities than low-volume centers. Hospitals clipping Յ5 unruptured aneurysms discharged 19.2% (237/ 879) of patients to long-term facilities, while centers clipping Ն45 unruptured aneurysms per year discharged 11.1% (116/ 1042) of patients to these facilities. For patients being coiled at all centers, 5.0% (270/5417) were discharged to long-term facilities. Again, a significant association was noted between hospital volume and the proportion of patients not being discharged to home. Centers that coiled Յ5 unruptured aneurysms per year discharged 7.4% (37/499) of patients to longterm facilities, and centers coiling Ն45 unruptured aneurysms per year discharged 4.3% (78/1826) of patients to these facilities (P Ͻ .0001). Patients who were coiled were significantly less likely to be discharged to long-term facilities than those who were clipped (P Ͻ .0001). These data are summarized in Table 2 .
Physician's Annual Number of Unruptured Aneurysms Treated versus Death Rate and Discharge Status
For patients being clipped, no significant association existed between the physician's volume of clipped unruptured aneurysms per year and the death rate (P ϭ .27). There was a significant association between the physician's volume of clipped unruptured aneurysms per year and patient discharge status because physicians with the lowest volumes (Յ5 cases/year) had 16.8% (248/1074) of patients discharged to long-term facilities, whereas physicians with the highest volumes (Ͼ20 cases per year) had only 11.1% (74/669) of patients discharged to long-term facilities (P ϭ .001).
For patients being coiled, there was a significant association between the death rate and the physician's annual volume of coiled unruptured aneurysms. Practitioners who coiled Յ5 unruptured aneurysms per year had a death rate of 1.5% (19/ 1239), compared with physicians who coiled Ͼ20 unruptured aneurysms per year who had a death rate of 0.3% (3/1121) (P ϭ .0005). There was also a significant association between the physician's volume and the proportion of patients being discharged home because patients treated by physicians coiling Յ5 unruptured aneurysms per year had a discharge to long-term facility rate of 6.6% (82/1239),while those who were treated by the highest volume physicians had a discharge to long-term facility rate of 3.3% (37/1124) (P Ͻ .0001). These data are summarized in Table 3 .
Predictors of Discharge to Other than Home and Predictors of Death
Our multivariate logistic regression analysis demonstrated that independent factors associated with discharge to longterm facilities were increased age (P Ͻ .0001), sex (male Ͼ female, P ϭ .04), being clipped rather than coiled (P Ͻ .0001), and the number of cases per year for the practitioner (P Ͻ .0001). Total hospital volume (clipping ϩ coiling) was not associated with discharge status based on this model. We found the independent factors associated with in-hospital death were increased age (P ϭ .0002), sex (male Ͼ female, P ϭ .03), and being clipped rather than coiled (P ϭ .01). In this model, physician volume and hospital volume were not associated with in-hospital death. These data are summarized in Table 4 .
Discussion
This study shows significantly lower morbidity and mortality rates among patients treated for unruptured aneurysms at centers that treated a higher percentage of patients with coiling than with clipping. Some have recommended guidelines for the treatment of unruptured intracranial aneurysms to include "microsurgical clipping rather than endovascular coiling as the first treatment choice in low-risk cases." 3 In keeping with these guidelines, it would be reasonable to expect that all patients treated with clipping in the NIS were offered clipping because the surgeon thought that it was a reasonably low-risk procedure relative to coiling. The outcomes for the NIS data base, however, suggest that outcomes of surgical clipping were less favorable than those for endovascular coiling, even when we compared hospitals and physicians with high-volume clipping with those with low-volume coiling. This finding would indicate that the guidelines recommending microsurgical clipping as the first treatment choice should be reconsidered.
We also found that outcomes of surgical clipping and endovascular coiling of unruptured intracranial aneurysms were significantly better when treatment was performed by higher volume physicians. Multivariate analysis showed that hospital volume was not an independent predictor of outcome; thus, hospital volume appears to be associated with good outcome largely because high-volume physicians work at high-volume hospitals. We have also found that treatment of unruptured aneurysms with endovascular coiling is associated with improved discharge status. This was true across all volumes. Thus, these data suggest that the best outcomes for the treatment of unruptured intracranial aneurysms are seen in those patients who are treated by high-volume physicians with endovascular coiling. With regard to surgical clipping, lower rates of adverse outcomes have been reported by high-volume surgeons 4 and high-volume hospitals.
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Prior studies used the NIS to assess the effect of hospital volume on morbidity and mortality for unruptured aneurysm treatment from 1996 -2000 for surgical clipping 2 and coiling. 1 For that time period, it was found that patients with unruptured aneurysms treated with both surgical clipping 2 and coiling 1 at high-volume centers had lower rates of discharge to sites other than home. A study of the NIS data base from 1995 to 1999 recommended that patients with cerebral aneurysms be referred to high-volume centers to improve outcomes. 8 A later study by using state hospital data bases from 1998 to 2000 found that outcomes of patients admitted for subarachnoid hemorrhage were significantly better at high-volume centers compared with lower volume centers. 9 Centers that are highly experienced in both clipping and coiling might offer improved outcomes because they are best suited to select the optimal treatment technique for each patient. Barker et al 2 noted that the availability or frequent use of endovascular therapy at the same hospital had no effect on surgical outcome after adjustment for volume of surgical care. However, Berman et al 10 and Johnston 6 showed a relationship of improved outcome to endovascular availability. Johnston also showed that the availability of endovascular procedures was associated with a reduction of in-hospital death. Our study has taken a different approach, by showing that centers that preferentially offer endovascular therapy tend to have less morbidity and mortality than centers that preferentially offer surgical clipping.
The rysms were treated at low-volume hospitals (Յ5 cases per year), whereas only 4% of coiled unruptured aneurysms were treated at low-volume hospitals. There is no formal process of regionalization in the United States leading to referral to higher volume centers, but it appears to be occurring without an organized effort. It is difficult to understand why it is occurring, but factors might include malpractice concerns and an overall shortage of neurosurgeons. The reason that surgical clipping appears to be the treatment mode of choice at these very low-volume centers may be that surgical clipping expertise is available but endovascular expertise is not.
Limitations
Many of the limitations of this study are intrinsic to the use of administrative data bases. 11 We acknowledge that coding inaccuracies undoubtedly occur, which affect the retrospective evaluation of an administrative data base. Because our center is not included in the NIS data base, we were unable to perform an audit of our own cases to determine the degree of error in coding. Reasons that patients were discharged to longterm facilities are not collected as part of the NIS. Due to the lack of a specific code for iatrogenic subarachnoid hemorrhage, we were unable to report on unruptured aneurysms that ruptured during treatment. In addition, we are unable to determine whether discharge to a long-term facility was related to important factors such as anesthesia and pre-and postoperative care.
Another limitation associated with using an administrative data base is the retrospective nature of the data. Patients in this study were not treated in a randomized manner. Therefore, there is significant potential for selection bias that might affect outcomes of clipping or coiling. For example, the NIS does not provide data on aneurysm size and location, which can affect outcomes of treatment. In addition, there is no means of determining treatment efficacy (eg, degree of angiographic occlusion). It is possible that data on treatment efficacy may favor surgical clipping because this is considered definitive in the treatment of intracranial aneurysms. This study does not intend to provide a threshold for the number or proportion of aneurysms that should be treated with clipping or coiling to optimize outcomes, but rather it provide readers with an understanding of a general trend in outcomes during the study period.
In our study, ruptured aneurysms were not included as part of physician and hospital volume. Thus, the volume of unruptured aneurysms may not accurately represent the total volume of aneurysms that a center may treat because some physicians and medical centers may treat significantly more ruptured aneurysms than unruptured ones.
Conclusions
Centers that treated a higher percentage of unruptured aneurysms with coiling versus clipping have less morbidity and mortality. Our results also confirm that outcomes for treatment of cerebral aneurysms by higher volume practitioners is associated with decreased morbidity. Aneurysms treated with endovascular coils have significantly better outcomes than those treated with clipping regardless of hospital or physician volume. Finally, there does appear to be an element of regionalization in the treatment of unruptured intracranial aneurysms because the proportion of aneurysms coiled at higher volume centers is significantly greater than those at very-low volume centers.
